BY IAN M. MORRISON
From Liverpool Thoracic Surgical Centre (RECEIVED FOR PUBLICATION JUNE 13, 1958) Most mediastinal tumours and cysts follow a definite pattern due to their site of origin and the effect upon neighbouring structures of their enlargement.
A small number deviate from the usual picture, and it was felt that the examination of a large series might disclose enough of these variants to enable some contribution to be made to the basic aetiology and diagnosis of these tumours.
The present material consists of 332 cases. One hundred and sixty-six of these were investigated at the Liverpool Regional Thoracic Centre from 1941 to June, 1957, all completely verified cases being included. The other 166 cases were referred to the Tumour Registry of the Society of Thoracic Surgeons of Great Britain and Ireland between 1953 and April, 1957 , by centres other than Liverpool. (The Liverpool cases referred to the Tumour Registry are included only in the first series.) The coincidence of these numbers is purely fortuitous. The Tumour Registry is selective and contains only part of the experience of British and Irish thoracic surgeons. This is evident when the percentage of thyroid tumours in the Tumour Registry series is compared with that in the Liverpool series. The diagnosis has usually been verified by excision, but sometimes by biopsy or aspiration.
The most representative picture is obtained by including all mediastinal swellings except (1) those of inflammatory and parasitic origin; (2) metastases and direct spread from tumours elsewhere; (3) tumours of the trachea, oesophagus, heart, and great vessels.
In recent years several series of cases of tumours and cysts of the mediastinum have been reported. Some of the largest numbers have been surveyed by Blades (1946) , Harrington (1949) , Sabiston and Scott (1952) , Burnett, Rosemond, and Bucher (1952) , Peabody, Strug, and Rives (1954) , Key (1954) , and Ringertz and Lidholm (1956) . . Table I compares the distribution of cysts and tumours of ANATOMICAL CLASSIFICATION The usual anatomical subdivisions are less useful than the classification adopted by Peabody and others (1954) in which the mediastinum is divided by two planes: (1) The plane of the posterior wall of the trachea, and (2) a plane joining the manubriosternal junction to the intervertebral disc between the fourth and fifth thoracic vertebrae. The lateral boundary is the mediastinal pleura. Four compartments are, therefore, defined, namely, antero-superior, antero-inferior, posterosuperior, and postero-inferior.
Tumours and cysts as they grow encroach on more than one compartment, but it is the predominant location that is given in the subsequent sections.
PATHOLOGICAL CLASSIFICATION The classification used is as follows: Noms.-AS = antero-superior compartment. Al = antero-inferior compartment. PS= postero-superior compartment. PI= posteroinferior compartment.
tumours and lymphatic, pericardial, and nonspecific cysts are all predominantly anterior. The age distribution offers no great diagnostic help.
TERATOID TUMOURS.-There were 36 of these, 23 being teratomata and 13 dermoids, i.e., teratoid tumours in which no endodermal tissues were found. Schlumberger (1951) 
TUMOURS AND CYSTS OF THE MEDIA STINUM
The usual explanation for the occurrence of teratoid tumours in the anterior mediastinum is that they arise from cells derived from branchial remnants in common with the thymus, which originates from the third branchial pouch endoderm, and from the overlying third branchial cleft ectoderm. Hence tissues of all three dermal layers are available in the anterior mediastinum. In the first case cited, the explanation of the abnormal position is probably that the deformity of the chest led to displacement of thymic tissue, as well as other thoracic organs. In the second case, this explanation will not apply. Two other hypotheses can be put forward. The first is that this is a variety of para-oesophageal cyst which has acquired a squamous lining instead of the usual intestinal epithelium, as indeed the oesophagus itself comes to do during its development. The second hypothesis is that this teratoma arose from notochordal remnants as do teratomata of the sacrococcygeal and retropharyngeal regions. This explanation would fit a third case of posterior teratoma, which was attached to the middle third of the oesophagus of a girl of 11 (Tumour Registry case, TR.25).
LYMPHATIC CYSTIC TUMOURS.-These vary from the unilocular lymphatic cyst, through the multilocular cyst with septa, to the cavernous lymphangioma (Gross and Hurwitt, 1948) . Childress, Baker, and Samson (1956) collected 17 cases and added one more. These cysts have a tendency to envelop the nerves and blood vessels in their neighbourhood. A multilocular cyst is often called a hygroma. In this series nine cases occurred, of which two were unilocular, three multilocular, and four were lymphangiomata; six occurred on the left side and three on the right side of the mediastinum. One occurred at the oesophageal hiatus. One case of each type is reported in greater detail.
Case L.11160.-A woman of 37 years was found at routine radiography to have an anterior mediastinal shadow (Fig. 3) . Bronchoscopy was normal. At thoracotomy on October 31, 1955, a cystic swelling containing clear fluid was found lying above the aortic arch and attached to the back of the sternum. It was 10 cm. long by 8 cm. broad. It was necessary to excise a short length of the internal mammary artery in order to remove the cyst as the artery was completely enveloped. This was a unilocular cyst lined by cuboidal and flattened cells.
Case L.4363.-A woman of 39 years complained of cough and breathlessness. Radiography showed a tumour in the anterior mediastinum (Fig. 4) Lillie, McDonald, and Clagett (1950) collected 25 cases of pericardial cyst from the literature and added 12. Of these 37, 17 were on the right side and nine on the left. In 11 the site was not stated. Eight of -these 37 were in fact diverticula of the pericardium because a communication with the pericardial sac was demonstrated. Mazer (1946) suggests radiography in the lateral position to allow the diverticulum to fill with pericardial fluid.
Although pericardial cysts are usually regarded as developmental in origin, they are rare in childhood (see Table V) , and some authors, including Vanpeperstraete, have suggested that they may be inflammatory in nature.
ENDODERMAL CYSTS.-These may be classed as para-oesophageal cysts, lined by gastric or enteric epithelium, and bronchogenic cysts, lined by ciliated columnar epithelium with occasional squamous cells, mucous glands, and hyaline cartilage (Schlumberger, 1951) . These cysts arise from the primitive foregut, but the exact mechanism is not clear. During the sixth and seventh weeks of foetal development the oesophagus becomes stretched as the neck is differentiated from the head and thorax (Keith, 1948) . The epithelium proliferates and may fill the lumen for a time. Vacuoles develop and join up so that the lumen is reconstituted. It has been suggested that some of these vacuoles join together but not to the main lumen so that a separate cyst is formed, the epithelium of which may be gastric or intestinal in type. Many other theories have been put forward, none of which accounts for the undoubted association of these cysts with vertebral anomalies, with the exception of the hypothesis of Fallon, Gordon, and Lendrum (1954) . These authors ascribe the association of foregut cysts with vertebral defects to an incomplete separation of the notochord from the alimentary tract.
There is one further possibility which has not been previously put forward. This is that the splanchnic mesoderm, which is to form the oesophageal musculature, in its migration detaches part ofthe endodermal tube. Fig. 6 . The present series (five males and one female), although small in number, tends to confirm the view of Olenik and Tandatnick (1946) that the condition is commoner in males than in females.
It will be seen from The essential unity of the endodermal group of cysts is illustrated by one case (TR.416) where a bronchogenic cyst was removed from the right paratracheal region; after nine months an enterogenous cyst of the mesentery caused intestinal obstruction.
NON-SPECIFIC CYSTS.-These were cysts in which the lining was columnar epithelium or granulation tissue. The wall was fibrous or collagenous. Five of the six patients were women over 30 years of age. The cysts were discovered on routine radiography and the sites varied from the anterior mediastinum superiorly to the neighbourhood of the sympathetic chain inferiorly. It is probable that these cysts are the end-result of inflammation and haemorrhage occurring in cysts of bronchogenic, dermoid, or lymphatic type.
NEUROGENIC TUMOURS
The 101 neurogenic tumours of the mediastinum are classified according to the system of Schlumberger (1951 nings (1948) describe " chromaffin " as a misnomer, since the reaction is not specific to chromates but occurs when any strong oxidizing agent acts on epinephrine and related substances. "Chemodectoma" has been preferred by some authors as a name for paraganglioma without hormone secretion. Phaeochromocytoma of the mediastinum causes the syndrome of paroxysmal hypertension as it does when situated in the suprarenal medulla or elsewhere. One Tumour Registry case, a boy of 17 years, presented in this way and was found to have metastases.
Schlumberger found only one hormonally inactive paraganglioma in the literature, the case of Miller (1924) , which arose in the right paravertebral region near the sixth rib. Since he wrote five more have been reported. Godwin, Watson, Pool, Cahan, and Nardiello (1950) found one in the left upper posterior mediastinum of a man of 52 years. Duncan and McDonald (1951) had two cases arising in the right paravertebral region. McDonald, Aufderheide, and Fuller (1954) removed one from the upper thoracic and lower cervical region through a neck incision. Shaw removed with its intervertebral extension, a hole in the dura mater requiring suture. His recovery was uninterrupted. The specimen became brown after immersion in formal saline. Microscopically it was a benign chromaffinoma.
The other benign cases were in a boy of 19 years where the tumour lay in the left paravertebral region opposite the fourth and fifth ribs, and a man of 23 years with a right paravertebral tumour opposite the sixth and seventh ribs. The malignant chromaffinoma is reported more fully. Case L.4199.-A man of 50 years complained of weight loss for 18 months and of food sticking behind the sternum. Fig. 10 shows the mass to the right of the upper oesophagus. Endoscopy confirmed tracheal and oesophageal displacement by an external tumour. At thoracotomy on February 16, 1950, the tumour was found lying above the azygos vein and involving the oesophageal wall. It was not removable. Biopsy was reported: "The tissue is part of a malignant tumour. The growth is well differentiated and has a structure similar to carotid body tumour or chromaffinoma and is quite unlike most bronchial or oesophageal tumours. There is considerable necrosis and the tumour appears to be growing rapidly." A course of radiotherapy gave initial improvement but death supervened on March 27, 1952. No necropsy could be obtained.
THYMIC TUMOURS
The thymus gland is frequently visible radiographically in the first year of life. Such cases are not regarded as having tumours. Ellis, Kirklin, Hodgson, Woolner, and DuShane (1955) reported that the normal thymus was visible in the first month in nearly ali children but was seldom seen after the age of 2 years.
Forty-seven true tumours of the thymus are included in the present series, 30 benign thymomata, five thymic cysts, and 12 malignant thymomata.
THYMIC CYSTS.-These presented as mediastinal tumours on radiography and were not associated with myasthenia. The literature on thymic cysts was reviewed by Krech, Storey, and Umiker (1954) .
THYMOMA.-The diagnosis of malignant characteristics in thymoma has been the subject of some disagreement among the pathologists on the panel of the Tumour Registry. Unless the majority favoured malignancy or the clinical course showed that the thymoma was malignant, they have been classified as benign thymoma. It is on this basis that it is asserted that malignant thymic tumours were not associated with myasthenia in this series. They usually presented with increasing dyspnoea as the tracheal lumen became narrowed.
Six of the benign thymomata were associated with myasthenia, or 20%. Seybold, McDonald, Clagett, and Good (1950) had 45 thymoma cases of which 34 or 75.6% had myasthenia. They also report that 15% of their myasthenia cases had a thymic tumour. In Liverpool in the 15 years covered by this review, the incidence of thymic tumour in myasthenia gravis has been 22%.
THYROID TUMOURS
The Tumour Registry cases are thought to be unrepresentative and are not discussed in the ensuing paragraphs except where stated.
LIVERPOOL CASES. -Thirty tumours were benign and six malignant. In 19 cases the patients were males and in 17 females. Fifteen tumours arose from the left lobe, 17 from the right lobe, two from both lobes, and two were ectopic in the chest and unconnected with the thyroid gland in the neck, one on each side. CLINICAL FEATURES.-Three benign and two malignant cases had objective evidence of thyrotoxicosis. Nine benign and two malignant cases had a palpable goitre in the neck. One patient with a benign tumour was aged 20 years, 11 patients with benign and one with malignant tumours were aged 30-49 years, and 18 patients with benign and five with malignant tumours were over 50 years old. Four benign cases had no symptoms and were found to have an abnormal shadow on routine radiography. All other cases had symptoms, usually dyspnoea, cough, sometimes stridor or dysphagia.
SURGICAL REMOVAL. -Twenty-two thyroid " adenomas" which were benign were removed through a cervical incision, the others requiring thoracotomy also or alone. Of these, in six there was a pedicle from the neck and in two the gland was ectopic with a local blood supply. bution of his series and the present one. The malignant lymphomas presented first in the mediastinum, hence their inclusion in this series.
Where the course of the disease was followed, it did not differ from malignant lymphoma presenting first elsewhere in the reticulo-endothelial system. BENIGN LYMPHOMA.-Three patients presented with a well-defined round opacity in the mid-zone near the hilum of the right (two cases) or left lung. Two were males aged 21 and 27 years and one a female aged 50 years. When the tumour was explored, it was found in each case to be in the mediastinum at the lung root and was easily removed. Histologically, the tumour mass consisted entirely of normal lymphatic tissue, although it was far larger than any normal lymph P.
node. Fig. 13 Tumours and cysts of developmental origin are grouped by their tissues of origin. Hypotheses are put forward to explain the occurrence of teratoid tumours in the posterior mediastinum and the association of foregut cysts with vertebral anomalies. The most unusual cases are cited in greater detail.
Neurogenic tumours are classified and the rare paragangliomas are described further. The thymic, thyroid, and parathyroid tumours are detailed and attention is drawn to the not uncommon posterior mediastinal goitres. Mesenchymal tumours are classified by histological type and a case of haemangioma is reported at greater length.
In the case of lymphomas, particular mention is made of the benign type, with illustrations.
